INTRODUCTION
============

The 2012 report of the United Nations High Commissioner for Refugees determined that there were 15.4 million refugees worldwide. Refugees commonly have traumatic or stressful experiences, including starvation, imprisonment, violence, torture, poor hygiene, and exile, which are physically and mentally harmful.[@B1]

The physical and mental problems of refugees can persist even after settlement in safe areas and may hinder their life and well-being.[@B2] Among these problems, disturbances in cognitive function have a critical impact on the likelihood of successfully adapting to a new society, as cognitive function is essential for coping with rapid changes in socioeconomic status and cultural environment. In particular, attention, which is a state of awareness which maintaining focus on a specific subset among the available perceptual information, is important for learning and storing the novel information continuously encountered in a new society.

Furthermore, refugees are more susceptible to cognitive decline or attentional deficits than other populations.[@B3][@B4] Frequent starvation before and during defection may induce nutritional deficiencies, which hamper brain development and provoke cognitive decline.[@B5][@B6] Refugees are also vulnerable to various psychiatric illnesses closely related to attention, due to stressful or traumatic experiences before and after settlement.[@B7][@B8][@B9] Lack of proper education may exacerbate cognitive decline.[@B10] However, few studies have investigated attention in refugees.

North Korean refugees are escaping starvation or political repression in North Korea. Approximately 28,000 North Korean refugees had settled in South Korea by June 2015. North Korea has suffered from economic devastation since the 1990s, which caused a collapse of the public educational system and food shortages. Thus, the cognitive decline of North Koreans could be due to malnutrition and/or low education status. Furthermore, North Korean refugees have commonly experienced various traumatic events before settlement in South Korea, in addition to various economic and cultural difficulties after settlement.[@B11][@B12][@B13] As a consequence, North Korean refugees are at high risk for psychiatric symptoms,[@B14][@B15][@B16][@B17] which are closely related to cognitive dysfunction. Therefore, although attention and cognitive function are essential for North Korean refugees to successfully adapt to their new South Korean environment, they may be more vulnerable to attention deficits or other types of cognitive dysfunction.

In the present study, we examined attention in North Korean refugees using a computerized attention task. This is the first study to evaluate attention in North Korean refugees. We hypothesized that performance on attention tasks would be poorer in North Korean refugees than in South Koreans, and that North Korean refugees\' attentional deficits would be associated with their psychiatric symptoms.

METHODS
=======

Subjects
--------

A total of 45 North Korean refugees living in South Korea (12 males and 33 females; 35.44±12.14 years of age) and 26 native South Koreans (6 males and 20 females; 38.58±13.00 years of age) were recruited by advertisements and participated in the current study. The mean time between the first departure from North Korea and study participation among the North Korean refugees was 8.88±5.47 years. The mean time spent in countries other than North or South Korea during defection was 3.39±3.92 years, and the mean time of settlement in South Korea was 5.22±2.72 years. The study protocol was approved by the Institutional Review Board of Seoul National University Hospital. Following a complete description of the study procedure, written informed consent was obtained from all participants.

Demographic and clinical data
-----------------------------

Demographic data, including age, sex, education, height, and weight were gathered. As the nutritional experiences of refugees may influence attention or other cognitive functions, a questionnaire regarding nutrition was administered to the North Korean refugees, who were requested to report on their experience of starvation in North Korea by choosing one of the following responses: 1) never experienced a food shortage; 2) experienced slight shortage of food; 3) skipped meals frequently; or 4) serious starvation.

Depressive symptoms were assessed using the Korean version of the Beck Depression Inventory (BDI).[@B18] The BDI is a 4-point Likert-type self-report scale with 21 items, most of which describe symptoms related to depressive disorders. Higher BDI scores indicate more severe depressive symptomatology.

Anxiety severity was measured using the Korean version of the Beck Anxiety Inventory (BAI).[@B19] The BAI is also a 4-point Likert-type self-report scale with 21 items. The BAI items are concerned with common symptoms of anxiety. Higher BAI scores indicate more severe anxiety.

The Impact of Event Scale-Revised (IES-R) was administered to the North Korean refugees to assess post-traumatic stress disorder (PTSD) symptoms.[@B20] The IES-R consists of 22 items pertaining to subjective responses to a specific traumatic event, in terms of PTSD symptoms including intrusion (re-experience), avoidance, and hyperarousal. The IES-R was administered only to the North Korean refugees.

The Dissociative Experiences Scale II (DES-II) was used to assess the dissociative symptoms of the study subjects. The DES-II consists of 28 items that pertain to common dissociative experiences.[@B21] The study participants were requested to circle a percentage value (0--100%) indicating the frequency of dissociative experience for each item. The DES-II consists of three subscales: the amnestic dissociation subscale, the depersonalization and derealization subscale, and the absorption and imaginative involvement subscale. The average percentage scores were calculated for the whole instrument and for each subscale.

Computerized attention test
---------------------------

Sustained attention and divided attention were assessed using the computerized Comprehensive Attention Test (CAT). The CAT is a modified visual and auditory continuous performance test. The test-retest reliability and validity of the CAT are acceptable. The mean correlation coefficient for test-retest scores on the CAT is 0.715 and explains 51.7% of the cumulative variance.[@B22] The CAT has been used to study attention deficit in individuals with psychotic symptoms, sleep disturbances, or suicidal ideation.[@B23][@B24][@B25]

There are six subsets in the battery of CAT. Among them, we choose the sustained attention tat and the divided attention task. The sustained attention can be defined as the ability to focus on a specific task for continuing time. The divided attention is the multi-tasking ability to focus on two or more different tasks simultaneously. We assumed that the multi-tasking ability without detriment for a prolonged time would be essential for the refugees\' adaptation to the complicated and strange environment in new society. In addition, the sustained attention and the divided attention tasks are more suitable for participants with old ages, as high score is more difficult in these tasks.

The visual sustained attention task assesses the ability to maintain a consistent behavioral response during continuous and repetitive activities. Visual stimuli of various shapes are presented every 2 sec for 10 min. Participants are instructed to respond to all shape stimuli except an X-shaped stimulus. Therefore, the task measures the capacity of participants to inhibit responses to certain stimuli under conditions of sustained attention.

The divided attention task demands more attention than the sustained attention task. Divided attention involves the ability to respond simultaneously to multiple tasks or multiple task demands. Auditory and visual stimuli are presented simultaneously every 2 sec for 3 min 20 sec, and participants are instructed to respond only when an auditory or visual stimulus is the same as that presented within a preceding pair of stimuli.

Two major dependent variables were the numbers of omission errors (OEs) and commission errors (CEs) on each of the two attention tasks. OEs measure inattention and are defined as failures to respond to the target. CEs measures impulsivity and are defined as inappropriate responses to the non-target. Additionally, the reaction times (RT), and the corresponding standard deviation of the RT for correct responses on each of the two attention tasks, were calculated.

Statistical analyses
--------------------

Group differences in continuous variables were evaluated using the independent t-test. Between-group comparisons of categorical data were assessed using the chi-square test. In addition, analysis of covariance, with age and sex as covariates, was conducted. Pearson\'s correlation analysis was conducted to investigate the associations between demographic or clinical data and attentional deficit. A multiple logistic regression analysis (dependent variable: CAT performance; independent variables: age, sex, and clinical/demographic data) controlling for age and sex was also performed. A two-tailed alpha of \<0.05 was considered significant. The SPSS for Windows (ver. 16.0; SPSS Inc., Chicago, IL, USA) software package was used for all computations.

RESULTS
=======

Demographic and clinical characteristics
----------------------------------------

The demographic and clinical characteristics of the study subjects are presented in [Table 1](#T1){ref-type="table"}. No differences in the age or sex ratio were observed between the North Korean refugees and the South Korean subjects. The South Korean subjects were significantly taller than the North Korean refugees (t=2.71, p=0.01). The South Koreans also had a higher educational status than the North Korean refugees (t=3.89, p\<0.01). The BDI and BAI scores were significantly higher in the North Korean refugees than in the South Koreans (t=3.32, p\<0.01; and t=5.69, p\<0.01, respectively). Among the DES-II subscales, the depersonalization score was significantly higher in the North Korean refugees than in the South Koreans (t=2.21, p=0.03).

The South Korean subjects were taller than the North Korean refugees, even after controlling for sex and age (F=14.08, p\<0.001). The BDI and BAI scores of the North Korean refugees were significantly higher than those of the South Koreans after controlling for sex and age (F=15.67, p\<0.001; and F=29.62 p\<0.001, respectively). The total DES-II score was significantly higher in North Koreans (F=5.07, p=0.02) than in South Koreans after controlling for sex and age. Among the three DES-II subscales, the amnesia and depersonalization subscale scores were higher in the North Koreans than in the South Koreans after controlling for age and sex (F=4.15, p=0.05; and F=10.85, p\<0.01, respectively). The absorption scores of the North Koreans tended to be higher than those of the South Koreans (F=2.86, p=0.096).

Among all study subjects, females had significantly higher BDI scores than males (t=2.64, p=0.01). Age was correlated negatively with height (r=-0.29, p=0.01) and positively correlated with BDI score (r=0.47, p \< 0.001). Female North Korean refugees showed significantly higher BDI scores than males (t=2.46, p=0.02). In contrast, the DES-II score was significantly higher in male refugees compared to female refugees (t=2.20, p=0.03). Age was positively correlated with the BDI (r=0.73, p\<0.001), BAI (r=0.59, p\<0.001), and IES-R values among the North Korean refugees (r=0.51, p\<0.01).

Performance on attention tasks
------------------------------

The performance results on the attention tasks are provided in [Table 2](#T2){ref-type="table"}. The North Korean refugees had a slower RT on the visual sustained attention task (t=2.23, p=0.03) and on the divided attention task (t=2.11, p=0.04) compared to the South Koreans. The North Korean refugees also had more OEs (t=3.42, p\<0.01) and a higher SD of RT (t=2.45, p=0.02) on the divided attention task, and tended to have more CEs on the divided attention task, than the South Koreans (t=1.74, p=0.09).

Among all study subjects, males showed a significantly higher number of CEs (t=2.87, p\<0.01) and a faster RT (t=3.12, p\<0.01) compared to females on the visual sustained attention task. Age was negatively correlated with CEs (r=-0.28, p=0.02), and positively correlated with RT (r=0.51, p\<0.001), on the sustained attention task. Age was also positively correlated with RT on the divided attention task (r=0.27, p=0.02). Among the North Korean refugees, males showed a significantly higher number of CEs (t=2.97, p\<0.01) and a faster RT (t=3.30, p\<0.01) than female refugees on the visual sustained attention task. On the divided attention task, RT was faster in male refugees than in female refugees (t=2.02, p=0.05). Age was negatively correlated with CE on the sustained attention task (r=-0.32, p=0.04), and positively correlated with RT on the sustained task (r=0.57, p\<0.001) among the North Korean refugees.

After controlling for age and sex, the North Korean refugees had a slower RT than that of the South Koreans on the visual sustained attention task (F=5.90, p=0.02). In addition, the North Koran refugees had a greater number of OEs (F=9.96, p\<0.01) and a higher SD of RT (F=6.01, p=0.02) on the divided attention task compared to the South Koreans after controlling for age and sex. Although non-significant, the North Korean refugees also tended to have a greater number of CEs (F=3.70, p=0.06) and a slower RT (F=3.69, p=0.06) on the divided attention task than the South Koreans after controlling for age and sex.

Association between psychiatric symptoms and performance on attention tasks
---------------------------------------------------------------------------

Among all study subjects, years of education was negatively correlated with OEs, RT, and the SD of RT on the divided attention task (r=-0.28, p=0.02; r=-0.36, p\<0.01; and r=-0.39, p\<0.01, respectively). Height was negatively correlated with RT on the visual sustained task (r=-0.37, p\<0.01) and on the divided attention task (r=-0.27, p=0.03).

The BDI score was positively correlated with RT and SD of the RT on the visual sustained task (r=0.39, p\<0.01; and r=0.34, p\<0.01, respectively) and OEs and CEs on the divided attention task (r=0.35, p\<0.01; and r=0.28, p=0.02, respectively). The BAI score was also correlated with RT and the SD of the RT on the visual sustained task (r=0.36, p\<0.01; and r=0.37, p\<0.01, respectively) and OEs and CEs on the divided attention task (r=0.30, p=0.02; and r=0.38, p\<0.01, respectively). The total DES-II score was correlated with the CE and the SD of RT on the visual sustained attention task (r=0.27, p=0.03; and r=0.35, p\<0.01, respectively) and with the OEs and CEs on the divided attention task (r=0.27, p=0.03; and r=0.26, p=0.03, respectively).

The correlations between performance on attention tasks and the clinical characteristics among the North Korean refugees are shown in [Table 3](#T3){ref-type="table"}. Performance on the attention tasks was not associated with education or experiences of starvation among the North Korean refugees. Although height was associated with the number of CEs on the visual sustained attention task (r=0.30, p=0.05) among the North Korean refugees, this association was no longer significant after controlling for age and sex. The BDI value of the North Korean refugees was positively correlated with RT on the visual sustained attention task (r=0.40, p=0.01), and BAI score was positively correlated with RT (r=0.35, p=0.04) and the SD of the RT (r=0.30, p=0.05) on the visual sustained attention task. However, both the BDI and BAI scores of the North Korean refugees no longer correlated with attention task performance after controlling for age and sex. The IES-R score was not associated with attention task performance among the North Korean refugees.

The total DES-II score was positively correlated with the number of OEs (r=0.40, p\<0.01) and the SD of the RT (r=0.40, p\<0.01) on the visual sustained attention task, as well as with the number of OEs (r=0.40, p=0.05) on the divided attention task, among the North Korean refugees. Even after controlling for age and sex, total DES-II score was correlated with the number of OEs (beta=0.55, p\<0.01) and the SD of the RT (r=0.50, p\<0.01) on the visual sustained attention task, and with the number of OEs (r=0.38, p=0.03) on the divided attention task. Although the DES-II scores of the North Korean refugees were negatively correlated with RT (r=-0.32, p=0.04) on the visual sustained attention task, this association was no longer significant after controlling for age and sex.

The number of OEs on the visual sustained attention task was positively correlated with the amnesia (r=0.64, p\<0.01), depersonalization (r=0.62, p\<0.01), and absorption (r=0.49, p\<0.01) DES-II subscale scores among the North Korean refugees. These associations remained significant after controlling for age and sex (amnesia subscale: beta=0.58, p\<0.01; depersonalization subscale: beta=0.57, p\<0.01; and absorption subscale: beta=0.43, p\<0.01). The SD of the RT on the visual sustained attention task was positively correlated with the amnesia (r=0.51, p\<0.01), depersonalization (r=0.43, p\<0.01), and absorption (r=0.35, p=0.03) DES-II subscale scores. These correlations remained significant after controlling for age and sex (amnesia subscale: beta=0.55, p\<0.01; depersonalization subscale: beta=0.53, p\<0.01; and absorption subscale: beta=0.37, p=0.03). The number of OEs on the divided attention task was positively correlated with the DES-II amnesia subscale score (r=0.36, p=0.04), which remained significant after controlling for age and sex (beta=0.45, p\<0.01). Although the RT on the visual sustained attention task among North Korean refugees was negatively correlated with the depersonalization (r=-0.36, p=0.02) and absorption (r=-0.35, p=0.02) DES-II subscale scores, these associations were no longer significant after controlling for age and sex.

DISCUSSION
==========

In the present study, North Korean refugees had slower RTs during sustained attention, more OEs, and a higher SD of the RT on the divided attention task compared to the South Koreans. The study also showed that the dissociative experiences of North Korean refugees were associated with more OEs and a higher SD of RT on the sustained attention task, and with more OEs on the divided attention task.

In agreement with our hypothesis, performance on the attention tasks was poorer in the North Korean refugees than in native South Koreans. Our results suggest that refugees are more vulnerable to attention deficits. Attention deficits may be induced by various physical, mental, or environmental problems that are frequently encountered by refugees, and which may persist even after settlement.

There are several probable causes for attention deficits among North Korean refugees. As North Korean refugees are generally less well educated than South Koreans, due to the abolishment of the public education system in North Korea, poor performance on cognitive tasks may be due to a low education level. However, the computerized attention task used in the current study was not heavily dependent on acquired knowledge or intelligence. Furthermore, no relationship was observed between the attentional performance of the North Korean refugees and their education level.

Malnutrition during early brain development is another reason for attention deficits among North Korean refugees. As life-threatening starvation was very common in North Korea during the 1990s, starvation may have hindered brain maturation and induced cognitive retardation. However, we found no association between attention task performance and starvation experience. Furthermore, the height of North Korean refugees, which usually reflects nutritional history during early development, did not independently predict attention task performance. Therefore, it is less likely that the attention deficits of the North Korean refugees were due to low education status or malnutrition.

Psychiatric symptoms are another reason for attention deficits among North Korean refugees. Consistent with previous reports,[@B14][@B15][@B16][@B17] the current results also showed that the North Korean refugees were more depressed and anxious than the South Korean subjects. Attention deficit is related to depression, anxiety, and PTSD.[@B26][@B27][@B28][@B29] The depression and anxiety levels of our North Korean refugees were correlated with RT during the sustained attention task. However, these correlations disappeared after controlling for age and sex. Our results suggest some limited effects of depression, anxiety, or PTSD on attention among North Korean refugees.

Dissociative experience was the factor most closely related to poor attentional performance among the North Korean refugees. Dissociation is characterized by disrupted integration of various cognitive domains, including memory, perception, and self-identity. Previous studies have reported that dissociation is associated with decreased attentional ability.[@B30][@B31] Early dissociative experiences have been associated with poor performance on cognitive tasks.[@B32] The relationship between dissociation and cognition is more prominent in terms of attention and inhibition compared to strategy and planning.[@B32] Previous studies have reported that dissociative experiences during childhood predict later attention problems in abused children.[@B33][@B34] Our results suggest that dissociative experiences play a critical role in the maintenance and control of attention, particularly in individuals who are more vulnerable to traumatic or stressful situations, such as refugees.

The current results suggest that refugees\' attention deficits may indicate the presence of psychiatric problems, particularly dissociation. In addition, dissociative experiences may herald the presence of attention problems in refugee populations. Clinicians should pay attention to dissociation and other psychiatric symptoms when they encounter refugees complaining of cognitive decline or attention deficit. Appropriately treating any of the psychiatric problems experienced by refugees may improve their attention and promote better socio-occupational adaptation.

The present study had several limitations. First, the sample size was too small to detect some of the subtle relationships between attention deficit and its correlates. Future studies with larger sample sizes may be better able to detect additional correlates of attentional deficits in refugees. Second, we could not evaluate changes in attention or psychiatric symptoms longitudinally; thus, whether the attention deficits of our North Korean refugees pre-dated or followed the dissociative experiences or onset of other psychiatric symptoms remains unclear. A longitudinal study may be needed to investigate changes in attention, nutrition, or psychiatric symptoms-including dissociative experiences-before departure from North Korea. However, such a longitudinal study design would be practically implausible in the current situation. Third, cognitive domains besides sustained and divided attention were not assessed in the current study. In addition, the previous studies using CAT were mainly on high school student.[@B23][@B24][@B25] The current study shows that CAT can be applicable also to adults successfully. However, more studies may be needed for proving usefulness of CAT for adults.

In summary, North Korean refugees showed poorer performance on sustained and divided attention tasks compared to South Koreans. In addition, the poor performance on the attention tasks of our North Korean refugees was associated with their dissociative experiences. Our finding suggests that attention deficits may be common in refugees and that the attentional deficits of refugees may be caused by psychological dissociation. Our results also suggest that clinicians should evaluate and manage psychiatric symptoms, particularly dissociative symptoms, to enhance attention in refugees, and their ability to adapt cognitively to a new society.
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